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The Orange County, CA groundwater basin 
lies at the base of the Santa Ana River 
watershed. 

2,650  m i2





Prado Dam was constructed in 1941 to protect 
Orange County from flooding. 

1927 Flo o d 1938 Flo o d



Dry most of 
the year.  

Semi -arid 
region.  
Avg Rainfall 
in OC: 14”/yr

Large 
riparian 
forest has 
developed 
behind the 
dam. 



Since its formation in 1933, OCWD has 
constructed more than two dozen recharge 
facilities on over 1,500 acres. 
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Why Managed Aquifer Recharge?  

• Sup p ly  s id e - a p p ro a c h:  Le t’s  m a xim ize  w ha t w e  ha ve

–Capture and recharge river water: base flow and storm flow

–Purchase and recharge imported water

–Protect the basin from seawater intrusion and replenish the basin

–Recycle water

• Store water in the basin to get through drought periods

• Makes financial sense:  Imported water is expensive alternative 



G ro und w a te r
$650  AF

Im p o rte d  W a te r
$1,210  AF

W he re  d o e s  O C ’s  
w a t e r  c o me  f ro m?

85%

15%



Each acre - feet of storm water captured and 
recharged directly offsets the need to 
import water. 

Stormflow,
52,000 afy

SAR Base Flow,
 75,000 afy

Natural Recharge , 
56,000  afy

GWRS (Recycled),
134,000 afy

Misc , 
3,000  afy

 1%

Imported Water , 
75,000 afy

34%
14%

19%

13%19%

Avg  O C W D Se rvic e  Are a  W a te r De m a nd s : 395,0 0 0  a fy

• Im p o rte d  b e c o m ing  le s s  re lia b le
• Sto rm w a te r is  lo c a l s up p ly
• Sto rm w a te r is  le s s  e xp e ns ive
• Sto rm w a te r ha s  lo w e r c a rb o n 

fo o tp rint



Sto rm w a te r c a p ture  a t Pra d o  Da m

C a p ture d  w a te r re c ha rg e s  the  O C  g ro und w a te r b a s in



Over the years, OCWD and the USACE have 
worked to increase water conservation at 
Prado Dam. 
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On average, 54 % of stormwater recharge is 
captured at Prado Dam. 
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Forecast Informed Reservoir Operations 
(FIRO)

• Using enhanced weather forecasting and runoff estimation 
tools to inform future reservoir operations

• Includes growing understanding of atmospheric river (AR) 
storms

• Objective: Simultaneously optimize flood risk 
management, water conservation and environmental 
benefits
– Without pouring a yard of concrete!  



It’s complicated!  



A stakeholder driven multi - phase 
Viability Assessment Process was used at 
Prado Dam (Second Pilot Location).



The Prado Dam FIRO Final Viability 
Assessment shows great potential for 
additional storm water recharge.  
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Prado Dam and FIRO are critical to capture 
storm water in a changing climate with most 
rainfall predicted to fall within a shorter 
window.  
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Value of Water Retained in Water 
Conservation Pool

• W a te r re ta ine d  in 

W a te r C o ns e rva tio n 

Po o l o ffs e ts  im p o rte d  

w a te r p urc ha s e s   
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his to ric a l M W D w a te r 
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Since 1990, the total value of water 
captured is $341M using cost of 
untreated imported water.  



FIRO also benefits the habitat behind Prado 
Dam. 

End a ng e re d  Le a s t B e lls  V ire o

• Largest riparian forest in 
southern California

• FIRO provides additional 
water that will buffer a 
hotter/dryer future

• Least Bells Vireo is key 
species 

• Habitat is a carbon sink 
that reduces OCWD’s 
carbon footprint
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Multiple atmospheric rivers hit the SAR 
watershed in winter 2023.



Having multiple storms spaced out from 
November to May was ideal.  
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Stormwater recharge in 2023 was 200 % of 
average due to the spacing of the storms and 
other factors.  
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O C W D’s  C o lla b o ra t io n w it h t he  US A C E ha s  b e e n 
c ruc ia l t o  s us t a ina b le  g ro und w a t e r  b a s in 
ma na g e me nt .  

• M a na g e d  a q uife r re c ha rg e  is  c e ntra l to  O C  Ba s in m a na g e m e nt

• Pra d o  Da m  p ro vid e s  the  b e s t o p p o rtunity  to  inc re a s e  s to rm  

w a te r c a p ture  a nd  re c ha rg e

• FIR O  re p re s e nts  the  ne xt w a ve  o f  inno va tio n to  a d a p t e xis ting  

infra s truc ture  to  a  c ha ng ing  c lim a te  

• The  USAC E is  a s s e s s ing  the  p o te ntia l o f  us ing  FIR O  a t o the r d a m s  

thro ug ho ut the  USA o ve r the  ne xt fe w  y e a rs



Fo r  a d d it io na l inf o rm a t io n, v is it  t he  C e nt e r  f o r  
W e s t e rn W e a t he r  a nd  W a t e r  Ex t re me s  w e b s it e .     

• C W 3E.UC SD.EDU

Ad a m  Hutc hins o n
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End  o f  P re s e nt a t io n 



FIRO will allow us to capture more water in the 
wet years, which occur 50 percent of the time.  
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A FIRO virtual operations model was developed 
and tested (Think AI for FIRO).  

• Model managed 
reservoir using 
forecasted inflow

• Actual operations 
compared well with 
simulated

• 1 false alarm in 
January
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25.6 inches of rain was measured at OCWD’s 
Anaheim Field Office, which is 187% of average.  



Warner, Conrock, 
Foster -

Huckleberry, SAR, 
Off - River

(~4,800 af)

April 2023



Anaheim, Miraloma, 
Kraemer, Miller

(~3,800 af)

June 2022

April 2023



Prado Water Level and Water 
Conservation Pool Elevations: 1988 - 2023
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Water Retained in Water Conservation 
Pool ranges from 600 to 83,000 afy. 
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Fo o t e r



Captured stormwater 
recharges the 
groundwater basin.  

OCWD Surface 
Recharge System
• 25 facilities
• 1,500 acres
• 1,100 “wet” acres
• 26,000 af storage

Sig n up  fo r 
To ur o n 
Se p te m b e r 19



Up d a t e  W a t e r  C o nt ro l P la n t o  inc lud e  FIR O . 

Fo o t e r

Ins e rt W C P He re .  



S inc e  1949, 11 millio n a c re - f e e t  o f  imp o rt e d  a nd  
S a nt a  A na  R iv e r  b a s e  f lo w  ha v e  b e e n re c ha rg e d . 
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The energy to convey imported 
water to the region is 20 to 30 times 
more than storm water recharge.  
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Santiago Basins
(~14,000 af)

July 2022

March 2023



Managing the Santa Ana River



Seawater Intrusion Barrier (1975)

The seawater intrusion barrier, built in 1975, 
serves to protect and replenish the basin.  

95%



Div e rs e  R e c ha rg e  P o rt f o lio  = Div e rs e  W a t e r  
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